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An investigation has been made to determine the effects of location
“ofbodies (finned and unfinned) on the aerodynamic characteristics of
unswept- and swept-wing-fuselage models, and to determine the aerody-
namic loads on the bodies in the presence of the wings. Pylon-moumted
bodies at 0.33 s~span smd tip-mounted bodies at l.@ semispan were
investigated.

The results tidicated that the most significant effects of the bodies
on the aerodynamic characteristics of the model were produced by the wing-
tip-mounted body, which gave large increases in model lift-curve slope
and reductions in drag due to lift, and, particularly for the swept-wing
model, caused rearward shifts of the aerodynamic center.

The lsrgest changes h the body longitudinal forces and moments were
shown with the tip-mounted body, where ticreases k angle of attack caused
substantial increases in the body normal-force and pitchfig-moment coef-
ficients. &dy fins effectively neutralized the body pitching-moments
for the unswept-wing model, but only partially neutralized the body
pitchhg moments for the swept-wing model.. The fins increased the
pitching moments on the inboard short-pylon-mountedbodies,
effect was decreased on the swept-tig model by tilting the
down.

Some of the most tiportant changes b the body lateral
were shown with the inboard body, where an increase in wing
gave increases in body yawing moments and side force. Body
neutralized these yawing moments.

but thiS

body axes

characteristics
sweep single
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INTRODUCTION

The National Advisory Committee for Aeronautics is conducting inves-
tigations of nacelles sad external stores for use on high-speed aircraft.
These investigations are primarily concerned tith the performance char-
acteristics of cotiigurations having various store arrangements (refs. 1
to 5). In the present paper (where the external stores are referred to
as bodies) the overall model forces and moments, as well as the loading
characteristics of finned and unfinned bodies in the presence of both
unswept and sweptback wings, are shown. A sumnary of information on
aerodynamic loading due to external stores is presented in reference 6,
wherein data from references 7 and 8, as well as from the present inves-
tigation, have been discussed. The present paper also includes some of
the results presented in reference 7 for compariscm with the results of
the present investigation.

The results presented herein were obtained, generally, at Mach num-
bers from 0.50 to 0.91 over an angle-of-attack range which was dependent
upon the limiting load factors of the strain-gage-balancemeasuring sys-
‘temof the body.

SYMBOLS

CL lift coefficient, Lift/q~

CD drag coefficient, Drag/q~

cm pitching-moment coefficient referred to 0.25E2 ‘itc~ moment

qw

c%~ body normal-force coefficient, MY no-l force
q%

cCbl body axial-force coefficient, ‘@Y axial force
@b

%7 body pitching-moment coefficient referred to 0.4-62Zb,
Body pitching moment

@b Zb

%%
body yawing-moment coefficient referred to 0.462Zb,
Body yawing moment

~s’blb
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body rolling-moment coefficient referred to body center line,
Body rolling moment

t&zb

bcdy side-force coefficient, Bcdy side force

@%

free-stream dynsmic pressure, lb/sq ft

Reynolds nuniberbased on 5

wing area, 2.25 sq ft

msxi?mxnfrontal area of body, 0.0215 sq f%

b/2
mean aerodynamic chord of wing, 0.765 ft, ~

J%0
cay

(using theoretical tip)

local wing chord, ft

pylon chord, 0.53 ft

m span, 3.0 ft

body length, 1.* ft

fuselage length, 4.10 f%

body diameter, ft

fuselage

spanwise

vertical

diander, ft

distance from

distance from

MAch nuniber

angle of attack, deg

plane of symmetry of complete model, ft

wing chord plane to baly center tie, ft

singleof body tilt measured from wing chord line, deg

sweep angle of c/4 line, deg

..

*
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angle of body center line with respect to plane of symmetry of
complete model, deg

lift-cue SIOpe Sk CL =
%O for a given Mach number, —
&z

pitching-:mxnent-curveslope at ~ = O for a givenwch

acm
number, —

%

body pitching-moment-curve slope at a.@

if

MODELS AND APPARATUS

The winsm utilized in this investigation were constructed of alumi- —
num ~th an ;spect ratio of 4, a taper ;atio of 0.6, and NACA 65Ao06
airfoil sections parallel to the free stre~._. ~0 sweeP %les were __ _
employed: one wing had its quarter-chord line swept back 3.60 and the F:
other 46.7°. Drawings of the models are presented in figures 1 and 2,
and photographs of a typical setup in the tunnel are presented in
figure 3.

t

The fuselage was constructed of alwninum and was formed by parabolic-
arc segments, ordinates for which are given in table I. The bodies were
generated by revolution of a profile made up of ogival nose and tail
sections, between which was located a constant-radius section. Ordinates
of the body, which had a fineness ratio of 9.34) are presented ~ table II- .

The pylons were unswept and had NACA 64AO1O airfoil sections parallel
to the free stream, except for one configuration with the 46.70 swept-

—

back wing which employed a flat-sided pylon of 6.2-percent thickness,
—

ordinates for which are presented in table III. Details of the body fi~
used are shown in figure 2. The fins were orientated at 45° from the
vertical and horizontal.

—

Two spanwise locations of the body were tivestigated on both the
3.6° sweptback wing which, in the rematider of the paper, will be called
the unswept wing, and the 46.70 sweptback wing which will be referred to
as the swept wing. Table IV presents a s~ of the positions employed.
For all body configurations tested, symmetrical spanwise locations about
the fuselage center line were employed.
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In the case of the unswept-wing-fuselage conibinations,the unfinned-

body data of reference 7 are presented again for comparison with the
* finned configurations of t~s paper.

The complete nmdel, consisting of the wing and fuselage with or
without the bodies, was attached to the supporting ating by an internal
strain-gage balance. The model forces and moments were measurti by the
balance and were recorded automatically.

The body, instrumented with a six-component strain-gage balance,
was mounted from the left wing, while a solid wooden body was attached
to the right wing. The bcdy housing the balance was constructed of
plastic impregnated with fiber glass. A cutaway drawing showing the
installation of the balance with the clearsace gaps between the pylon
or wing tip and the body is presented in figure 4.

The origin of the axis of the body balance remained fixed with
respect to the body length for all spanwise POSitions of the body. The
location of the pitching-moment axis relative to the local wing chord
changed slightly for each body location because of wing taper. Tabulated
below are the locations of the pitching-moment axis for each of the body
-positions,based on both the local W@ ch~d and the body le~h:

Installation Spanwise Pitching-moment
Pitching-

designation location, Wb axis, percent c
moment axis,
percent Zb

Inboard 0.33 43.6 46.2
Tip 1.04 43.6 46.2

The alinement of the bodies in the pitch plane and the bodies and
pylons in the yaw plane was checked and found to be within O.1OO of the
design angular positions. Because centering pins were employed on all
components of each configuration, the repeatability of angular alinement
W’aS good.

The tests
tunnel through

TI?STSAND RESULTS

were conducted in the Lsmgley high-speed 7- by 10-foot
a Wch nuniberrsmge that usually extended from 0.50

to 0.91. The angle-of-attack range investigated was
load limtts of the body balance and therefore varied
measured for each position of the body. A model yaw
maintained for all tests of this investigation.

restricted by the
with the loading
angle of zero was
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9

The results obtained on the complete model are presented as the
lift, drag, and pitching-moment coefficients of the model with and with-
out the two bodies, finned and unfinned, in the two locations on the

~ .-

wlng of the model. Forces and moments of the complete model are presented
with respect to the wind axes, with the pitching moment being presented
about the 0.25-chord point of the mean aerodynamic chord.

The characteristics of the bodies in the presence of the model are
given as six-component force and moment measurements varying with model
angle of attack. These force and moment results are presented relative

—

to the body axes as shown in figure 5. The body coefficients are based
upon the maximum frontal area of the body and, in the case of moments,
also upon the body length.

The body coefficients are the forces and moments of the body in the
presence of the wing, fuselage, and pylons, end hence include the inter-
ference of these parts on the body as well as the forces and moments of
the body alone. —

The variation with Mach nuniberof the Reynolds number based on the
mean aerodynamic chord of the models is shown in figure 6.

CORRECTIONS
r=’

Blocking corrections applied to Mach nwiber and dynamic pressure
were determined by the velocity-ratio method of reference 9, which
utilizes experimental pressures measured at the tunnel wall opposite the
model. Over the Mach number range investigated, good agreement was
obtained between these corrections and those obtained theoretically by
the method of reference 10. The correction to Mach number increased
slightly with increase in speed, and at M = 0.90 it was 0.01.

The Jet-boundary corrections applied to.the angle-of-attack end ~ag
data for the complete model were calculated by the method of reference 11.
Corrections to the pitching moments were considered negligible. No sup-
port tares have been applied but, as indicated in reference 12, they are
believed to be small. Drag data have been corrected to correspond to a
pressure at the base of the fuselage equal to free-stream static pressure.
Base pressure was determined by measuring the pressure at a point inside
the fuselage about 9 inches forward of the base. This correction, which
was added to the measured drag coefficient, amounted to 0.0010 at M = 0.50
and increasedto 0.0030at M= 0.91. As indicated in reference 7, the
presence of the bodies had no effect on the fuselage base pressure. A
buoyancy correction, determined from static-pressure surveys, was added
to the drag data of this investigation as wel&as to the drag data that
were tsken from reference 7, to account for the static-pressure gradient

~.

.
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that exists along
buoyancy ammnted

the tunnel center line.
to O.~1.6 throughout the

7

The increment in drag due to
Mach nuniberrange tivestigated.

Corrections have been applied to the angle of attack of the model to
account for the deflection of the support system under load. No correc.
tion has, however, been applied to the results presented in this paper
to account for aeroelastic distortion of the wings. Shown in figure 7
is a summary of the aeroelastic characteristics of the test wings with-
out the bodies; these characteristics have previously been discussed in
reference 13.

No correction has been made to the body angles of attack or yaw to
account for the deflection of the bcilybalance under load. A deflection
calibration has, however, been made snd the results are presented in
mment-coefficient form in figure 8 for Mach numbers giving mxhum ~d
minimum dynamic pressures. These results indicate that the body deflec-
tion due to a body pitching nnnent is usually less than 0.15° and due to
a yawing moment less than 0.25°.

Subsequent to this investigation, it was found that the sweptback
wing had an average of about 10 of washout in each wing panel. This
washout is believed to have come from overloading the wing in other
investigations. No correction of the present results was made to acco&t
for the washout since it is sm.11 and will not have any important effect
upon the conclusions of the present paper.

DISCUSSION

Complete-Model Characteristics

The data are presented in figures 9 to 26, and a detailed listing
of the data is presented in table IV. Lift-curve and pitching-mmment-
curve slopes of the mdel with and without the bodies were taken at zero
lift coefficient. The body pitching-moment-curve slopes were tsken at
zero angle of attack.

Of the two spanwise locations of the body investigated, the tip-
mounted body configurations produced the most pronounced effect on the
longitudinal characteristics of the complete mdel (fig. 18). The
inboard body configurations prcduced only minor variations to the mciiel
characters tics.

It is well lmown that the addition of bodies at the w- tip prcduces
end-plate effects that are equivalent to increases in aspect ratio and
result in additional loading at the wing tip. Such chsmges are also
indicated for the tip-mounted body configurations of the present paper
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by increases in lift-curve slope and reductions in the drag due to lift
U

at the higher lift coefficients (fig. 18). In the case of the swept-
—

wing model with tip-mounted bodies, large rearward shifts in aerodynamlc- W
center location are also a result of the additional wing-tip loadlng.
The addition of the fins to the tip-mounted bodies generally increases
these effects.

Methods of calculating the effects of tip-mounted bodies on wing
loading characteristics in incompressible flow are reported in refer-
ences 14 and 15. An estimate by these methcds has been made and is
presented in the following table for comparison with the results of the
present investigation. The results shown in this table are in the form
of the ratio of the lift-curve slope of the model with the tip bodies to
the lift-curve slope of the model without the bcdies. For cqison
with the incompressible-flowcalculations, the experimental results are
shown for the lowest available Mach numiber(M = 0.50).

() /()c%modelC%model + tip bodies
Source

Unswept wing Swept wing

resent investigation (experimental) 1.20 1.09

Reference 14 (calculated) 1.21 1.13

Reference 15 (calculated) I 1*I2 I 1.12 I

As can be seen from the &ble, the experimental ratips of the pres-
ent investigation, for the unswept-wing model, are in good agreement with
the calculated values of reference 14. The estimated value obtained by
the method of reference 15 appears to be low in predicting the effects
of the tip-mounted body on the unswept wing; however, both meth~s indic-
ate fairly well the effects of the tip-mounted bodies on the lift-curve
slope of the swept-wing model.

The increase in the drag of the mode~ due to the body installations
at zero lift (fig. 18) is primarily a function of the wetted area of the
installation in this speed range. Thus, the highest drag of the models
with the bodies was obtained with the inboard body and the longest pylon,
and the lowest drag was obtained with the tip-mounted bmiies. An increase
in model lift coefficient reduces the increment in drag due to the tip-
mounted body installations. This effect, however, is probably due to
overall reduction in the drag due to lift ofjthe complete model because
of the end-plate action of the tip body rather than to any specific
change in the drag of the body installation.

—

*
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Bcdy Characteristics

u ~ interpreting the body forces and nmments, it should be kept in
mind that the measurements were made with the instrumented body on the
left wing of the model. It is also well to remember that the lines of
action of the forces and moments are as indicated in figure 5.

For comparison with the present results, the Unftied-body results,
obtained on the unswept-wing model reported in reference 7, have been
incorporated in this paper. It should be noted that the body lift and
drag data of reference 7 have been transferred to the body axes to be
consistent with the data presented in the present paper.

In general, chsmges in Mach number had less effect on the body
characteristics than did changes in angle of attack (figs. 19 to 25).
A similar effect has been reported in reference 7.

Some of the largest changes in the body longitudinal force and rmnent
characteristics due to change in angle of attack exist for the bodies in
the wing-tip location (figs. 21 and 25). These changes are in the form
of substantial increases in the body normal force and in the positive
pitching-moment coefficient of the unfinned body with increase in angle

b of attack for both wing sweep angles. An estimate of the slopes of the
normal-force curves of the body mounted at the wing tip has been tie
by the method of reference 15 and was found to be in god agreement with

J the experimental results. For the inboard body, the normal-force coef-
ficient was not large enough to be considered of primary concern in this
discussion.

The stabilti~ effect of the body fins was sufficient to cause all
of the inboard-mountedbodies to become stable (fig. 26). la providing
this stability, however, the fins generally caused increases in the
absolute values of the pitching-wment coefficients throughout the angle-
of-attack range. A reduction in the pitching-moment coefficients of the
finnti inboard body was accomplished by a -5° tilt of the body axes
(fig. 23). The effect of body tilt waa obtained on the swept-wing model.
It should be noted that tilt of the finned body also increases substan-
tially the norual-force loads of the body (figs. 22 and 23).

The stabilizing effect of the fins on the tip-mounted bodies (figs. 21,
25, and 26) was sufficient to cause the tip-mounted body on the unswept
wing to become stable and to decreaae the absolute values of the pitching-
mament coefficients. The increased stability was attended by increased
body normal force. b the case of the tip-mounted body on the swept wing, -
some reduction in pitching moment was accomplished but the body remained
unstable.
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Presented in figure 26 is a summary of the pitching-moment character-
istics of all body configurations investigated. Included in this summary
are estimates of the stability for the tip-mounted body obtained by the

a
method of reference 15. The estimated value of > for the tip-

mounted body on the unswept-wing model is in good agreement with the
experimental results at Mach numbers where compressibility can be
neglected. Although the agreement between theory and experiment is not
as satisfactory for the tip body on the swept-wing model, it is evident
that this procedure gives a better Mication of qer~n~l res~ts
than the body-alone results calculated by the method of reference 16
(fig. 26). Until recently, body-alone calculations were the only avail-
able means of esths.ting the body force and moment characteristics.

Increasing the wing sweep angle pd.uced some of the most significant
changes in the lateral force and moment characteristics of the inboard
body. With the instrumented body on the left wing, these changes are
indicated as large increases in negative side force (outboard direction)
and negative yawing moment (nose-outboard direction). (See figs. 20
and 22.) ~ese characteristics, previously reported in reference 6} are
interesting because they occur at zero angle of sideslip. They are
important because the lateral plane of the supporthg pylon is the plane
of least structural strength. There are, however, no calculation proce-
dures which tidicate that lateral loading of this magnitude should be
expected.

Although the addition of fins to the bodies reduced somewhat these
severe lateral loads, they did not reduce them to an insignificant level
throughout the Mach nuder range. It is not clearly understood why the
decreased yawing-moment coefficient due to the addition of the fins to
the body is accompanied by a decrease in side force. It is presumed
that these characteristics are due to a complicated flaw phenomenon
caused by interference effects of the wing, fuselage, pylon, body, and
fins.

The addition of the fins to the bodies also resulted in substantial
positive increases in body rolling-moment coefficients. The fin rolling-
moment effect, as may be anticipated from vorticity considerations, is
particularly large for the tip-mounted body.

Changes in body tilt did not result in any significant changes in
the body hteral force or moment characteristics.

Change in pylon shape from an NACA 64AO1O airfoil sectiou to a
6.2-percent-thick flat pylon produc~ no si

Y

fic~t changes on any of _
the body or complete-model characteristics figs. 16 and 24).

w

u --

.-

—

r

.=.

.
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CONCLUSIONS

An investigation at high subsonic speeds of finned and unfinned
bodies mounted from unswept- and swept-wing fuselage models, including
measurements of body loads, indicates the following conclusions:

1. The most significant effects of the bodies on the aerodynamic
characteristics of the model were produced by the whg-tip-mounted bodies,
which gave large increases in lift-curve slope of the complete nmdel and
reductions in drag due to kift, and, particularly for the swept-wing
model, caused rearward shifts in the model aerodynamic-center location.
The addition of the fins to the bodies generally increased these effects.

2. The largest changes in the longitudinal force and moment coef-
ficients of the body were shown with the tip-mounted body, where increases
in model angle of attack gave substantial increases in the normal-force
and pitching-moment coefficients. Body fins effectively neutralized the
pitching moments of the tip body on the unswept wing but only partially
neutralized the pitching mmnents on the tip body on the swept-wing model.

3. The addition of fins to the inboard pylon-mounted bodies gener-
. . ally increaaed the absolute value of the pitching-moment coefficients.

This increase was reduced considerably for the inboard pylon-mount~

\
body on the swept wing by tilting the body axis down.

4. ticreasing the wing sweep singleproduced some of the most signif-
icant changes in the lateral force and moment characteristics of the
inboard body. These changes were indicated as large side-force increases
in an outboard direction and hrge yawing-moment increases in a nose-out
direction. The addition of body fins partially neutraliz~ the yawing
moments.

Langley Aeronautical Laboratory,
National Adtisory Committee for Aeronautics,

Langley Field, Vs., Feburary 1, 1%4.

-.

.
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T!mIJ?lI.- FUSIZIXGEORDIMTES

[-ic fineness ratio I-2,actual fineness ratio 9.8
w

achieved by cutting off rear portion of bow]

Ordinates, percent length

Station Radius

o“ o
.61 .28
.91 .36

1.52 .52
3.05 .88
6.10 1.47
9.15 1.97
12.20 2.4o
18.29 3.16
24.39 3=77
30.49 4.23
36.59 4.56
42.68 4.80
48.78 4.95
54.88 5.05
60.98 5.08
67.07 5.04
73.17 4.91
79.27 4.69
@.37 4.34
91.46 3.81

100.00 3*35 ‘

L. E. radius = 0.0006Z
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TABLE II.- Bom ORDINATES

[Fineness ratio 9.3~

~~1 —

t

Ordinates, percent lengtl

Station

o
.36

1.21
3.04
4.87
6.71
8.26
9.15
9.69

10.84
11. gg
13.14
14.29
15.44
17.74
20.04
22.34
24.64
26.94
29.24
31.54
61.70
68.69
74.95
81.22
87.48
90.60
93 ● 75
96.89
98.44

100.00

Radius

o
.30
● 73

1.44
2.09
2.65
3.07
3.29
3.44
3.70
3.94

::;

4:70
4.%
5.08
5.20
5.30
5.34
5.36
5.36
5.20
4.76
3.94
2.76
2.11
1.42
.72
.36

0
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TABLE III.- I?LAT-PYLONORDINATES

~asic thickness ratio 6.o percent; actual thickness
ratio 6.2 percent, based on actual chord length
of 6.14 inche~

:dinates,percent chort

x @

o 0
2.5 .46
5.0 2.00
15.0 2.90
20.0 3.00
75.0 3.00

Straight taper

100.0
I

o

—

●
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